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1. GENERAL INTRODUCTION 

This is the first quarterly report on Contract NAS 3-2529 covering 
the period from 27 September 1962 through 27 December 1962. 

Work on Contract NAS 3-2529 with the Lewis Research Center of NASA 

was initiated on 27 September 1962. The effort on this contract is being 

performed in accordance with the contract work statement and EOS technical 
proposal BD 62-801A, dated 19 June 1962.  

The major objective of this research program is to study the effects 
of long time at temperature on the surface crystal structure of poly- 

crystalline molybdenum substrates and how these changes in surface crystal 

structure relate to the performance of cesiated molybdenum emitters f o r  use 

in cesium vapor thermionic converters for nuclear applications. The invest- 

igations are primarily limited to molybdenum and/or vapor deposited coatings 
on molybdenum as a starting point. The decision to limit the investigations 

to molybdenum substrates was mutually agreed upon after discussions with 

personnel at Lewis Research Center. 
It is known that initially polycrystalline materials which have 

been processed at temperatures greater than the recrystallization temper- 

ature have a preferred surface crystal orientation. The surface of such 

recrystallized material contains a distribution of a finite number of 

crystal faces which depend upon: 

its crystal structure), (2) the processing of the material during fab- 

rication (arc cast versus rolling}, and (3) the thermal treatment which 
the material receives after fabrication. It is further known that some 
body centered cubic materials such as molybdenum and tantalum undergo a 

process of preferential grain growth as a function of time at temperature 

beyond the recrystallization point. 

ance of surface crystal structure of  a substrate as it relates to the 

(1) the type of material (for example, 

Many studies have shown the import- 

3410-Q- 1 (A) 1 



cesiated emission from that substrate. It is thus clear that it is very 
important to know how an initially polycrystalline material undergoes 

surface crystal changes during processing and long term at high temper- 

ature in order to quantitatively predict the performance of such sub- 

strate materials in practical thermionic converter applications. 

The program which we are pursuing in order to gain this quantitative 

information pertaining to long term effects on the cesiated emission 

from initially polycrystalline refractory substrates is essentially a 

4 point program involving: (1) sample processing investigations, (2) 

grain growth experiments in vacuum and cesium vapor environments, ( 3 )  

long term cesiated emission tests from such substrates which are under- 

going surface crystal changes and ( 4 )  electron emission microscope 

examinations of initially polycrystalline materials which are operated 

long times at high temperatures. The main body of the text contains 

detailed information on the status and results obtained in each of the 

4 above mentioned areas. 

3410-4-1 2 
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2 .  SAMPLE PROCESSING INVESTIGATION 

2.1 Introduction 

The wide variance of data in the literature pertaining to 

cesiated emission refractory substrates may, in part, be attributed to 

the lack of a standard preparation treatment for emission specimens. 

Additionally, emission data is rarely identified with the crystal 

structure of the substrate material. It is interesting to note that 
the emission data gathered by Langmuir and Taylor (Ref. 1) apply only 

to very special crystal surfaces of tungsten (mainly [ l l O ]  and [112] ). 

This, of course, is a consequence of the very careful thermal etching 

at high temperature (2800'K) which these investigators used to form 

essentially single crystal tungsten wire. Langmuir and Taylor were 

very careful to point out the steps involved in properly preparing 

filaments in order to obtain reproducible cesiated emission data. 

The concern about surface crystal structure of so-called 

"polycrystalline" emitter substrates is best exemplified by an example 

of considerable significance to practical vapor thermionic converter 

devices. Pugh and Hibbard (Ref. 2 )  report a series of experiments on 

the surface crystal structure of "polycrystalline", recrystallized 

tantalum sheet which has been rolled from bar stock. They report 

that the sheet stock developes a surface [112] 

some [loo] and kll] crystal planes in evidence. After annealing, 

the p123 and [loo] crystal orientations disappear, and after 

recrystallization the [Ill] crystal planes remain as the dominant 

orientation, They further state that the entire process of recrystall- 

ization in tantalum is probably governed by growth selectivity, wherein 

one of the crystal orientations in the surface of the material grows at 

the expense of the other orientations. 

rolling texture with 

3410-4-1 3 



In light of the foregoing, one should logically expect 

substantial differences in the emission density measured on cesiated 

recrystallized sheet tantalum [111] orientation) and that obtained 

from wire stock [110] and [112] orientations). Other "rolled" 

materials recrystallized in different fashions depending on, among other 

things, the direction of easy slip in the crystal structure. 

crystal structure of the particular substrate sample to be used for 

emission measurements -must be known before any real scientific sense 

can be made of emission data obtained from such samples. 

The surface 

One substrate material (molybdenum) is being used in our 

studies, and the type of molybdenum is limited to the arc cast 

variety of high purity. 

two types of processing during manufacture, namely: 

stock which has been heavily reduced (60 percent or more), and (2) round 

stock which is rolled from arc cast molybdenum rod. All of our flat 
stock samples are obtained from one sheet of stock and all of our round 

stock samples are from the same rod. 

We are working with samples which have received 

(1) rolled flat 

The chemical cleaning, polishing, and machining of all 
samples undergoing comparative tests are nearly identical as possible. 

The times and temperatures selected for the sample processing 

and the times and temperatures selected for the remaining studies were 

arrived at by consideration of the results of at least two studies (Refs. 

3 and 4), the partial results of which are shown in Figure 2-1. 

2.2 Preparation of Materials 

2.2.1 Mill Specifications 

A s  a starting point for material control, we have 

selected quality mill stock which is low in carbon content and interstitial 

gas impurities as indicated in Table 2-1.  In addition, this stock has 
received final heat treatment at the mill to achieve an initial controlled 

grain size in the "as received" condition. Two things are accomplished: 

(1) a terminal process is specified which minimizes differences in pro- 

duction metal working and (2) a material specification is chosen which 

is more pertinent to thermionic phenomena than tensile strength, Brinell 

hardness, etc. 

3410-4-1 4 
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TABLE 2-1 

Arc-Cast Molybdenum P l a t e  

Mo 

C 

O2 

H2 

N2 
Fe 

Ni 

S i  

Others  

0 
99.99 / o  

0.006 

0.0006 

0.0001 

0.0002 

0.001 

0.001 

0.001 
0.0001 

Arc-Cast Molybdenum Wrought Bar 

Mo 

C 

O2 

H2 

N2 
Fe 

Ni 

Si 

0 
99.9 /o 

0.010 

0.0002 

0.0001 

0.0001 

0.001 

0.001 

0.001 

Others  .0866 

6 



On request the mill is supplying an exact history 
of the received stock from the 12" cast ingot stage to the heavily 

reduced plate and bar stage. 

2 . 2 . 2  Machining and Polishing 

It has been the experience of the electron tube 
industry that sulfur-based oils employed in the machining of refractory 

materials are subsequently difficult to remove. The presence of sulfur 

compounds in thermionic converters can lead to changes in work function 

and contamination of the cesium. We accordingly machine molybdenum 

without any lubricant or with pure mineral oil lubricant. 

offers the best approach to achieve minimum contamination but requires 

a great deal of time and cost in tooling. 

Dry machining 

We have observed from experience the adverse effect 

of certain lapping compounds and polish papers. Silicon and iron bearing 

lapping compounds, such as once embedded in refractory materials, are 

exceedingly difficult to remove. The presence of such high vapor pressure 

materials in the thermionic converter emitter can result in black deposits 

on the collector during long term operation. 

2 . 2 . 3  Chemical Cleaning 

Starting with select materials and exercising due 

caution in machining and polishing, we adhere to strict cleaning procedures 

which have been formulated by close association with the tube industry and 

allied fields. Appendix A includes the cleaning specification for molybdenum. 

2 . 2 . 4  Outgassing 

Outgassing is normally considered the final step in any 

preparation of materials for thermionic emission devices. It is part of 

this program to systematically investigate time at temperature treatment 

of molybdenum. 

2 . 3  Experimental Procedure, 
Our samples were prepared in accordance with 2 . 2  prior to the 

time at temperature investigations. Temperature measurements were obtained 

by viewing a properly dimensional hohlraum with a micro-optical pyrometer. 

Samples were heated by electron bombardment in a vac-ion pumped chamber 

3410-4-1 7 



-7 which c o n t i n u a l l y  opera ted  a t  10 t o  mm Hg. w i t h  t h e  sample a t  

temperature .  Of p a r t i c u l a r  importance i s  t h e  low hydrocarbon vapor 

background which i s  achieved w i t h  t h e  use  of a vac- ion pumped chamber. 

A s imple  ' f i x t u r e  allowed process ing  tempera tures  t o  be 

a t t a i n e d  r a p i d l y .  I n  f a c t ,  1 p e r c e n t  o r  less of t h e  process ing  time 

is  involved i n  t h e  t r a n s i t i o n  from ambient t o  process  tempera tures .  

T h i s  i s  no t  normally r e a l i z e d  i n  systems which employ i n d u c t i o n  o r  

r e s i s t a n c e  hea t ing  and more complex j i g g i n g .  I n  t h e  l a t t e r  cases l a r g e  

thermal time c o n s t a n t s  are encountered which may f a r  exceed t h e  d e s i r e d  

process ing  t i m e .  

2 .4  Pre l iminary  R e s u l t s  of Process ing  I n v e s t i g a t i o n s  

2.4.1 M a t e r i a l s  

During t h e  process ing  of  metals i n t o  b a r  o r  s h e e t ,  

t h e  m a t e r i a l  Is s u b j e c t e d  t o  s e v e r e  mechanical working below i t s  re- 

c r y s t a l l i z a t i o n  temperature .  This  r e d u c t i o n  process  r e s u l t s  i n  i n d i v i d u a l  

c r y s t a l s  w i t h i n  t h e  material be ing  fragmented and broken up i n t o  a 

g r e a t l y  increased  number of smaller c r y s t a l l i t e s .  

A s  t h e  r e d u c t i o n  process  proceeds,  t h e  i n t e r n a l  energy 

and s u r f a c e  a r e a  of t h e  c r y s t a l l i t e s  are  g r e a t l y  i n c r e a s e d  by t h e  e x t e r n a l  

energy which i s  added. The u n i f o r m i t y  of g r a i n  f ragmenta t ion  d u r i n g  

r e d u c t i o n  i s  dependent upon both  t h e  degree  of reduct ion ,  and t h e  c r o s s  

s e c t i o n a l  th ickness  of t h e  f i n i s h e d  a r t i c l e .  Rod o r  b a r ,  f o r  example, 

as r o l l e d  does no t  e x h i b i t  t h e  u n i f o r m i t y  of g r a i n  a c r o s s  t h e  c r o s s  

s e c t i o n  as does s h e e t  s t o c k  of s i m i l a r  dimensions.  The reason  f o r  

t h i s  l i e s  i n  t h e  method of process ing .  During t h e  s h e e t  r o l l i n g  

o p e r a t i o n ,  the ingo t  i s  uniformly deformed a c r o s s  i t s  c r o s s  s e c t i o n .  

On t h e  o t h e r  hand, dur ing  t h e  drawing o r  r o l l i n g  o f  b a r s ,  t h e  g r e a t e s t  

deformation occurs  i n  t h e  o u t s i d e  f i b e r s ,  t h e r e b y  r e s u l t i n g  i n  a non- 

uniform c r o s s  s e c t i o n a l  s t r u c t u r e .  Degree of deformat ion  can  g e n e r a l l y  

vary  between s a m p l e s  i n  t h e  s a m e  b a r .  

F igures  2-2a, 2-2b, and 2-3 show t h e  g r a i n  s t r u c t u r e  a t  

t h e  c e n t e r  and o u t e r  edge of a molybdenum b a r  s t o c k  sample i n  t h e  as- 

rece ived  condi t ion .  It w i l l  be noted t h a t  t h e r e  i s  l i t t l e ,  i f  any, 

3410-4-1 8 



F I G .  2-2a 820-2 MOLYBDENUM BAR - AS RECEIVED - 
SPEC NO. 257 - MAG 1OOX OUTER EDGE OF BAR 

F I G .  2-2b 822-6 MOLYBDENUM BAR - AS RECEIVED - 
SPEC NO. 257 - MAG 1 o o X  - CENTER AREA 
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F I G .  2-3 759-3 MOLYBDENUM BAR - AS RECEIVED - 600X - 
BOTTOM FACE - RANDOM SHOT - SAMPLE #2 

3410-4- 1 10 



apparent order. These photographs of unrecrystallized bar stock are in 

great contrast to those shown in Figure 2-6  and 2-7 for the recrystall- 

ized bar stock. 

Figures 2-4  and 2-5 show the surface grain structure 

of the as-received plate stock. This material has received a one hour, 

2200 F, vacuum anneal prior to delivery. The surface grain size is 

approximately A.S.T.M. No. 5.5 and the material has obviously been 

completely recrystallized by the annealing treatment. The pictures 

are from two different plates and indicate the much greater material 

uniformity which is achievable in flat stock as opposed to bar stock. 

0 

2.4.2 Recrystallized Materials After Initial Processing 

When cold worked material is heated above a certain 

minimum temperature, recrystallization of the material is initiated about 

many centers of nucleation, with the result that grain growth occurs. 

A s  recrystallization proceeds certain of the crystals grow at a more 

rapid rate than those adjoining with the result that some of the smaller 

crystals become "absorbed" by the larger ones. If the recrystallization 

process is carried out sufficiently, the grain eventually reaches a size 

beyond which the growth rate becomes extremely slow. This increase 

in grain size results primarily from the material seeking a minimum energy 

state. One of the objectives of  this program is to study the possibility 

of achieving a terminal grain growth in molybdenum during processing. 

After the proper polishing procedures, the surface of 

the metal sample is etched with various chemical reagents to render the 

grain structure visible under the microscope. This etching procedure 

makes visible the grain structure as a result of the differential metal 

solution rate existing on different crystallographic planes. 

three distinct shades of grey, for example, on the etched samples in 

Figures 2-6 and 2-7 .  One of the major objectives of this investigation 

is to determine the change in surface crystal structure of a recrystallized 

molybdenum substrate with time at temperature. 

clearly brings out the change in structure. 

Note the 

The etch shade pattern 
For example, one expects a 

3410- Q- 1(A) 11 



F I G .  2-4 C 7 0 9 2 - 4  MOLYBDENUM FLAT STOCK SAMPLE 
(AS RECEIVED) ONE HOUR VACUUM ANNEAL 
AT 2200°F (PLATE 4 )  MAG l O O X  

F I G .  2-5 C 7 0 9 2 - 2  MOLYBDENUM FLAT STOCK SAMPLE 
(AS RECEIVED) ONE HOUR VACUUM ANNEAL 
AT 2200°F (PLATE #2) MAG 1OOX 

1 
1 
1 
1 
1 
1 
1 
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1 
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FIG. 2-6 785-3 MOLYBDENUM SAMPLE #, 1 - AFTER 
PROCESSING 10 MINUTES AT 17OOOC VIEW - 
CENTER OF SAMPLE MAGNIFICATION 60X 

FIG. 2-7 789-7 P2 MOLYBDENUM S5PLE HEATED FOR 
TWENTY MINUTES AT 1700 C VIEW - CENTER 
OF SAMPLE MAGNIFICATION - 60X 

3410-4-1 13 



d i f f e r e n t  e t ch  ra te  f o r  each c r y s t a l  f a c e  and hence c o u l d  i n t e r p r e t  t h e  

p i c t u r e  o f  Figure 2-7 t o  mean t h a t  o n l y  t h r e e  c r y s t a l  faces are  dominant 

i n  t h e  s u r f a c e  of r e c r y s t a l l i z e d  molybdenum b a r  s t o c k .  Comparison of 

F igure  2-7 with F igure  3-1  and Figure  3-2 which i s  t h e  same material  

a f te r  o p e r a t i o n  a t  temperature  f o r  100 hours ,  i n d i c a t e s  t h a t  n o t  o n l y  

has  f u r t h e r  g r a i n  growth taken  p l a c e  w i t h  t h e  longer  t e r m  o p e r a t i o n  b u t  

a lso t h a t  now t h e r e  are o n l y  two e t c h  shades p r e s e n t .  T h i s  i n d i c a t e s  

q u a l i t a t i v e l y  t h a t  p r e f e r e n t i a l  g r a i n  growth has  occurred  and one  s u r f a c e  

c r y s t a l  o r i e n t a t i o n  has  d isappeared .  

F igure  2-7 a l s o  i n d i c a t e s  t h e  presence of one v e r y  

l a r g e  elongated g r a i n  (see arrow) which appears  t o  have grown by t h e  

process  of absorbing smaller a d j a c e n t  g r a i n s  of t h e  same o r i e n t a t i o n .  

A s  r e c r y s t a l l i z a t i o n  and g r a i n  growth occur  w i t h i n  

t h e  m e t a l ,  i m p u r i t i e s  such as c a r b i d e s  tend  t o  be  r e j e c t e d  a t  t h e  g r a i n  

boundar ies .  If t h e  temperature  i s  s u f f i c i e n t l y  high, and t h e  h e a t i n g  

t i m e  extended, t h e  c a r b i d e s  become s p h e r o i d i z e d  i n t o  a "bead-l ike"  

s t r u c t u r e  surrounding each g r a i n .  This  e f f e c t  can  be s e e n  i n  F i g u r e  2 - 6 .  

The presence of  small q u a n t i t i e s  o f  i m p u r i t i e s  such 

as carbon, n i t rogen ,  s i l i c o n ,  e tc .  w i t h i n  t h e  molybdenum w i l l  r e s u l t  i n  

t h e  presence o f  a c o n s i d e r a b l y  g r e a t e r  q u a n t i t y  of  t h e  r e f r a c t o r y  compound. 

For example, t h e  compund Mo C c o n t a i n s  6 p e r c e n t  C.  Therefore ,  t h e  weight  

percentage  of Mo C formed w i l l  exceed t h a t  of carbon by approximately 

1 6  t i m e s .  

2 

2 
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3. G R A I N  GROWTH INVESTIGATION 
3 . 1  Introduction 

We are investigating the grain growth in bar and plate stock 

molybdenum which occurs as the result of long term operation at high 

temperature. The investigation is being conducted in vacuum and cesium 

vapor environment as a check on the possibility that the presence of 

cesium vapor might effect surface structure during long times at high 

temperature. 

3 . 2  Vacuum Environment Results 

Two molybdenum bar stock samples were investigated for grain 

growth at 1800°K for operating times of 100 hours. 
was conducted principally to compare the grain size of these samples 

with samples processed at higher temperature but shorter times. Figures 

3-1 and 3-2 are representative of two grain growth specimens which 

operated for 100 hours at 1700°K and 1800 K respectively. 

measurement techniques and vacuum environment conditions were described 

in Section 2 . 3 .  The average grain size of these samples varies from 

.25  mm to .30 mm as compared t o  .05 to .08 mm for process samples 

operated at 1973'K for 1/2 hour. It is interesting to note that in a 
properly light-relieved photograph such as Figure 3-1 there are fewer 

shades of gray than in the process photographs. This indicates the 

tendency of recrystallized materials to abandon their once polycrystalline 

state in favor of an essentially single crystal type of surface structure. 

In addition to the grain growth, we have observed a significant 

evaporation of material from molybdenum samples during time at temperature 

(1800OK) studies over a 100 hour period. 
to establish the constituent elements and are reported in Table 3-1. 

One expects that the trace impurities of low melting point will constitute 

a greater percentage of the evaporated coating than they did of the emitter 

The investigation 

0 
Temperature 

These coatings have been analyzed 
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FIG. 3-1 763-7 MOLYBDENUM BAR 102 HOURS AT 18OOOK 
MAGNIFICATION 60X 

FIG. 3-2 839-7 MOLYBDENUM BAR 102 HOURS 190OOK 
MAGNIFICATION 60X 
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TABLE 3 - 1  

EVAPORATED COATING ANALYSIS 

Molybdenum Emitter Sample 

(100 hour test at 1800'K) 

Mo 

Aa 
Si 

W 

cu 

Fe 

Mn 

Ta 

Cd 

0 94.16 i o  

.084 O / o  

.079 O / o  

.053 O / o  

.026 O / o  

N i l  

N i l  

N i l  

N i l  

3410-4-1 17 



sample. It is seen from the analysis that trace elements having a 
high vapor pressure (low melting point) have been differentially 

outgassed f rom the sample. Within the limits of measurement accuracy 

the evaporated coating is 99.8 percent molybdenum. 

Weight gain measurements on the collecting surface have 

established order of magnitude agreement with calculated values based 

upon the vapor pressure of molybdenum. An extensive investigation of 

evaporation weight l o s s  is not presently part of our program. 

It is our contention that the evaporation of as little as 
a 200 R layer of molybdenum from the emitter in the presence of cesium 
vapor could result in an opaque coating of high emissivity being formed 

on the collector of a practical thermionic converter. Such a collector 

deposit could reduce device efficiency by 20 or 30 percent in certain 

instances. We feel that weight l o s s  data for thermionic converter 

emitter materials is more meaningful when translated into angstrom 

layers/cm /lo00 hours, and then interpreted in terms of its significance 

to long-time device efficiency. We have demonstrated experimentally 

that coating layers approximately five times this acceptable thickness 

(i.e., 1000 1) are evaporated from an 1800 K molybdenum emitter in times 
as short as 100 hours. These results indicate an absolute maximum 

useful life of 100 hours at 1800°K for a molybdenum emitter if peak 

2 

0 

thermionic converter performance is a consideration. 

These results and maximum allowable operating temperatures 

for molybdenum are in marked contrast to lifetime calculations which 

have appeared in the literature. In many instances, investigators have 
2 arbitrarily established .001 inch/cm /yr. loss  of material as an accept- 

able level which would not seriously change dimensions, spacings, or 

mechanical strength in a thermionic converter structure. The .001 inch/ 
2 cm / yr. evaporation corresponds to a layer approximately 2.5 x lo5  

thick. 

presence of high pressure vapor produce an opaque coating of high 

emissivity, it would appear that a .001 inch/cm /yr. criterion is a 

Since it is known that 200 a layer coatings evaporated in the 
2 
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factor of 1000 times too large for practical use when the physics of 

the converter is used as a criterion. Viewed differently, an emitter 
2 material that was evaporating material at the rate of .001 inch/cm /yr. 

could conceivably decrease the converter efficiency by 30 percent in 

10 to 100 hours of operation. 

3 . 3  Cesium Environment Vehicle 

The design of a cesium environment container and the attendant 

furnace has been completed. The experimental vehicle, as shown in 

assembly drawing (Figure 3-3) ,  will be fabricated of outgassed, high 

purity tantalum sheet and tubing. As indicated, a section of the 

container is reduced in wall thickness. The smaller wall cross-section 

impedes the heat conduction from the furnace region allowing a cool 

portion of the vehicle to condense evaporation products. This is 

necessary to preclude the continued interaction of impurities with 

the samples. 

and 1400 C, a temperature at which tantalum efficiency getters oxygen 

and nitrogen if present. 

sample cleanliness. 

A section of the container will operate between llOO°C 
0 

This will further guarantee a high degree of 

The fabrication of the cesium environment test vehicle 

is in progress. 

high-quality dry box by inert arc welding. 
free of oxide and nitride formations. 

Machined parts are presently being joined in a 

Resultant welds are 

After construction,the container will be sealed off at a pressure 

of less than mm Hg. in the absence of any hydrocarbon vapors. 99.9 
percent cesium will be vacuum distilled into the tantalum container to 

furnish the cesium environment. Glass ampoules will be avoided because 
of the known cesium vapor interactions with all types of glass at high 

temperature (greater than 200 C). 0 

A cesium reservoir appendage will serve to control cesium 

pressure during operation. The appendage will be operated at temper- 

atures which will insure cesium presaures equivalent to those desired 

in the emission test vehicle (i.e., in the millimeter range). 
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4. CESIATED EMISSION INVESTIGATION 
The test vehicle for performing emission measurements on cesiated 

molybdenum substrates has been designed and is shown in Figure 4-1. 

The range of pertinent parameters over which the vehicle will operate 

is listed below: 

1 700°K< Temitter < 1900°K 

< 630°K cesium 2. 470°K<T 

21 3 .  loL9 atoms < Arrival < 10 atoms 
Rates 3 cm /sec 3 cm /sec 

2 < 20 amps/cm j emit t er 4 .  amps/cm2 < 

With proper potentials applied to the guard ring it should be possible 

to measure the emission current from just the top surface of the emitter 
sample. The area of the face of the sample will be approximately 2.5 cm . 
The sample will consist of emitters fabricated from (1) molybdenum flat 
stock which has been shown (Ref. 5) to have predominately 100 and 100 
crystal orientations in the recrystallized sample surfaces, and (2) from 

molybdenum rod stock which has been shown to have predominately 

crystal surfaces in the rod cross section surface. There is evidence in 

the Literature that some materials have exhibited almost an order of mag- 

nitude difference in electron emission at the same cesium arrival rate 

from various preferred crystal faces (Ref. 6 ) .  

2 

[ I -  [ I  
boo1 

Some of the more important design considerations of electrode spacing, 

emitter lead, and cesium reservoir, are discussed next. 
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4.1 Elec t rode  Spac ing  

We have chosen an  e m i t t e r - c o l l e c t o r  spac ing  of .010 inches  

based on experimental  evidence from cesium d i scha rge  dev ices  (Ref. 7 ) .  

The guard r i n g - c o l l e c t o r  d i s t a n c e  and guard r i n g - e m i t t e r  d i s t a n c e s  have 

a l s o  been ass igned  a spac ing  of .010 inches  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  

of spu r ious  emission being measured from d i f f e r e n t  "pd" pa ths  i n  t h e  

v e h i c l e .  I n  t h i s  manner we should be a b l e  t o  a c c u r a t e l y  d e f i n e  a n  

e m i t t i n g  area t o  which t h e  measured c u r r e n t  can  be  c o r r e c t l y  a s c r i b e d .  

The d e f i n i t i o n  of an a c c u r a t e  emission area is  very  important  s i n c e  i t  

i s  t h e  c u r r e n t  d e n s i t y  which m o s t  a c c u r a t e l y  d e s c r i b e s  t h e  emiss ion  

c a p a b i l i t y  of a p a r t i c u l a r  e m i t t e r .  

4.2 E m i t t e r  Lead 

The e m i t t e r  l e ad  of t h i s  dev ice  should  s a t i s f y  t h e s e  b a s i c  

r e q u i s i t e s  : 

a .  Minimize hea t  f low from t h e  emitter t o  seal r eg ion .  

b.  Conduct l a r g e  va lues  of c u r r e n t  (30  t o  40 amps) wi thout  

excess ive  I - R  drop. 

Unfor tuna te ly ,  t h e s e  requirements are i n  o p p o s i t i o n  s i n c e  any conce ivab le  

scheme of reducing t h e  h e a t  flow w i l l  t end  t o  i n c r e a s e  t h e  e l e c t r i c a l  

r e s i s t a n c e .  

We are not ,  however, b a s i c a l l y  concerned wi th  dev ice  e f f i c i e n c y  

i n  t h i s  s tudy  and, t h e r e f o r e ,  moderate hea t  l o s s e s  can  be s u s t a i n e d  from 

t h e  emitter i n  t h e  i n t e r e s t  of f a c i l i t a t i n g  emiss ion  measurements. Measure- 

ments have been taken  on t h e  e m i t t e r  l e a d  which i n d i c a t e  a 30 m i l l i v o l t  

d rop  from 50 amperes of c u r r e n t  flow. 

e q u i v a l e n t  t o  15 wat ts  of thermal l o s s .  

For t h e  v e h i c l e  d e s i g n  t h i s  i s  

4.3 Reservoi r  

The .010 inch spacing between e l e c t r o d e s  i s  much g r e a t e r  t han  

t h e  atom-atom mean f ree  pa th  f o r  cesium a t  p r e s s u r e s  of t h e  o r d e r  of 1 mm Hg. 
The h igh  c o l l i s i o n  frequency between atoms thus  e s t a b l i s h e s  a c o n s t a n t  

p r e s s u r e  throughout t h e  device  and c o r r e c t i o n s  t o  t h e  cesium a r r i v a l  ra te  

are necessa ry  f o r  t h e  emitter s u r f a c e  temperature .  

o u r  emiss ion  measurements i n  l i g h t  of t h i s  c o r r e c t i o n ,  

W e  w i l l  i n t e r p r e t  
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Since the cesium reservoir temperature should accurately 

govern the device pressure, it must be designed to operate independently 

of other areas in the device. We will, therefore, operate the vehicle 

at a substantially different temperature than the cesium reservoir by 

separating the two with a heat choke. 

All materials have been ordered in the support of the processing, 
fabrication and assembly of this vehicle. The essential steps in the fab- 

rication and assembly are reviewed briefly. 

a. Processing and Cleaninq 

All device structural materials, including the emitter, 
are certified “Electron Tube Grade’’ to insure minimum impurity levels. 

With tube grade materials as our starting point, we adhere to strict 

cleaning procedures which have been formulated by close association with 

the tube industry and allied fields. After mechanical and chemical 

cleaning all materials are outgassed at temperatures well above their 

normal operating temperature in the device. For example, the tantalum 

guard ring while operating at collector temperatures of 800 to 1000 C 

would be outgassed at 2000 C or higher in a vacuum environment of 10 - Hg, 
not efficiently removed at lower outgassing temperatures. 

0 

0 - 6  

sinceit is known that trace metallic impurities and oxygen are 

b. Metal-Ceramic Sealing 

A critical step in a cesiated emission test vehicle 

assembly is the metal to ceramic seal that provides electric isolation 

of the emitter, collector, and guard ring. This seal must be vacuum 

tight and resistant to the corrosive effects of cesium vapor in the 

pressure range of interest. The thermal expansion characteristics of 

both ceramic and structural materials must be matched in the temperature 

range of operation to minimize seal stress. In general, commercially 
available seals are not able to satisfy these criteria. We will perform 

the ceramic sealing operation in house for the fabrication of the emission 

test vehicle. To this end we have completed test sealing operations in 

support of the device fabrication. 
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c. Brazing and Welding 

To insure a reliable joint between the tantalum envelope 
and molybdenum emitter, we will either electron beam weld the assembly 

or heliarc weld the parts in an "ultra-clean" dry box. 

inert-arc welds of refractory metals pertinent to the design have been 

successful. 

Preliminary 

Where brazing operations are required, we will employ 

high temperature, low vapor pressure braze materials with the braze 

made in a vacuum environment. 

of oxidizing atmosphere enter into the brazing operations. 

No flux will be used, nor will any type 
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5. ELECTRON MICROSCOPE 

5 .1  I n t r o d u c t i o n  

The e l e c t r o n s  e m i t t e d  t h e r n a l l y  from a sample a t  h i g h  

temperature  can be used t o  provide  a magnif ied image of  t h e  s u r f a c e  

by a c c e l e r a t i n g  them through a n  e l e c t r o s t a t i c  l e n s  and focus ing  them 

on a f l u o r e s c e n t  s c r e e n .  S ince  t h e  emiss ion  is  dependent upon (1) t h e  

c r y s t a l  o r i e n t a t i o n  of t h e  exposed c r y s t a l  f a c e s ,  ( 3 )  t h e  s u r f a c e  t e x t u r e ,  

and ( 3 )  t h e  presence of  i m p u r i t i e s  on t h e  s u r f a c e ,  t h e  image formed by 

t h e  e l e c t r o n s  w i l l  e x h i b i t  t h e s e  important  f e a t u r e s .  Observat ions can, 

t h e r e f o r e ,  be made on s u r f a c e  s t r u c t u r e  and i t s  t i m e  and temperature  

v a r i a t i o n s .  Accordingly w e  have designed a n  emiss ion  microscope t o  

supplement the i n v e s t i g a t i o n s  of s u r f a c e  c r y s t a l  changes dur ing  long- 

t i m e  o p e r a t i o n  a t  high temperature .  

H i s t o r i c a l l y ,  one of  t h e  f i r s t  e l e c t r o n  microscopes c o n s i s t e d  

of a ho t  cathode and a n  e l e c t r o s t a t i c  l e n s  t o  form a magnif ied image of 

t h e  ca thode  s u r f a c e  on a phosphor s c r e e n .  The e l e c t r o s t a t i c  l e n s  i n  t h e  

present  program is of t h e  type  d e s c r i b e d  by Johannson (Ref. 8) and w a s  

s e l e c t e d  because of  i t s  s i m p l i c i t y  of  design,  ease of o u t g a s s i n g  and t h e  

f a c t  t h a t  t h e r e  is  some a v a i l a b l e  informat ion  i n  t h e  l i t e r a t u r e  w i t h  

which t o  guide our  des ign .  

d 

E f f o r t  t h i s  f i r s t  q u a r t e r  has  been d i r e c t e d  toward s e l e c t i n g  

a l e n s  c o n f i g u r a t i o n ,  des igning  a system of  s u p p o r t  for t h e  l e n s ,  and 

a means of moving t h e  emi t t e r  r e l a t i v e  t o  t h e  l e n s .  F igure  5-1 shows 

t h e  e l e c t r o n  emission microscope assembly drawing. 

5 .2  E m i t t e r  Assembly 

The purpose of t h e  t h r e e  a x i s  movable emitter i s  t o  a l low 

focus ing  of  t he  l e n s  as w e l l  as scanning of t h e  emitter s u r f a c e .  It 

i s  a n t i c i p a t e d  t h a t  emit ter  g r a i n  s i z e s  from 0.8 m up t o  a c e n t i m e t e r  

w i l l  be  obtained,  t h e  l a t t e r  be ing  beyond t h e  f i e l d  of view of t h e  l e n s .  
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Figure  5-2 shows a p r e l i m i n a r y  des ign  of an  e m i t t e r  and l e n s  system 

mounted i n  a test microscope s e t - u p  which w a s  ope ra t ed  i n  a g l a s s  b e l l  

j a r  system. D e t a i l s  of c o n s t r u c t i o n  of t h e  emit ter  assembly are  shown 

i n  F igu re  5-3. The emitter w a s  r e a d i l y  brought  t o  a tempera ture  of 

1400°C w i t h  the  a p p l i c a t i o n  of approximate ly  200 w a t t s  of bombardment 

power. This des ign  w i l l  be used i n  t h e  f i n a l  emitter s t r u c t u r e .  

5.3 E l e c t r o s t a t i c  Lens 

The t es t  s e t - u p  of F igu re  5-2 a l s o  provided an  o p p o r t u n i t y  

t o  check t h e  h e a t i n g  of t h e  l e n s  e l e c t r o d e s .  Heating of t h e  lens 

e l e c t r o d e s  brought about by r a d i a t i o n  and e l e c t r o n  bombardment cou ld  

g i v e  r ise  t o  buckl ing  and spac ing  changes.  F igu re  5-2 shows t h e  f i r s t  

l e n s  c o n f i g u r a t i o n .  This  p a r t i c u l a r  l e n s  c o n f i g u r a t i o n  remained a t  a 

tempera ture  less than  700 C when t h e  emitter was ope ra t ed  a t  a temper- 

a t u r e  of 14OO0C. 

inch  and t h e  a c c e l e r a t i n g  v o l t a g e  w a s  one k i l o v o l t .  N o  v i s u a l  ev idence  

of l e n s  buckling w a s  observed under t h e s e  c o n d i t i o n s .  However, con- 

s i d e r a b l e  d i f f i c u l t y  w a s  encountered i n  a l i g n i n g  and p rese rv ing  t h e  

spac ings ,  which sugges t s  t h a t  a more r i g i d  d e s i g n  i s  r e q u i r e d .  I n  

t h e  modified des ign  a lower o p e r a t i n g  tempera ture  i s  achieved  by h e a t  

s i n k i n g  which reduces thermal expansion i n  t h e  mounting. The p re l imina ry  

des ign  used f l e x i b l e  t a b s  t o  t a k e  up t h e  thermal expans ion  d i f f e r e n c e s .  

0 

The spac ing  between emitter and f i r s t  g r i d  w a s  0.1 

5.4 Phosphor Screen  

A simple method of apply ing  t h e  phosophor t o  t h e  g l a s s  window 

i s  be ing  explored .  The method c o n s i s t s  of app ly ing  t h e  phosphor i n  a 

b i n d e r  d i r e c t l y  on a g l a s s  p l a t e .  For t h e  exper imenta l  s e t -up ,  t h e  g l a s s  

p l a t e  w i th  phosphor c o a t i n g  w a s  hea ted  wi th  an i n f r a r e d  lamp t o  d r y  t h e  

b inde r  thoroughly b e f o r e  p l ac ing  t h e  s c r e e n  i n  t h e  microscope. The 

phosphor and lens, system i s  c u r r e n t l y  undergoing tes t  i n  t h e  b e l l  jar 

s ys t em.  

I f  t h e  b i n d e r  t echn ique  of app ly ing  t h e  phosphor proves t o  

be unsuccessfu l ,  t h e  more common method of app ly ing  t h e  phosphor t o  t h e  
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g l a s s  by s e t t l i n g  w i l l  be employed. 

of 10 KV are needed t o  e x c i t e  t h e  phosphor, t h e  s c r e e n  w i l l  be a luminized  

i n  o r d e r  t o  reduce secondary emission e f f e c t s  and t o  enhance t h e  image. 

I f  a c c e l e r a t i n g  v o l t a g e s  i n  excess  

5.5 Vacuum Chamber 

The vacuum chamber which houses t h e  bakeable  microscope is 

of s t a i n l e s s  s tee l  c o n s t r u c t i o n  and i s  p r e s e n t l y  i n  t h e  process  of 

f a b r i c a t i o n .  

w h i l e  i t  i s  connected t o  a cold t r apped  d i f f u s i o n  pump sys tem i n  o r d e r  

t o  remove occluded gas  from the w a l l s .  The microscope w i l l  be pinched 

o f f  from t h e  d i f f u s i o n  pump and vacuum w i l l  t h e n  be main ta ined  by a 

vac- ion  pump dur ing  o p e r a t i o n  of t h e  emitter. U l t r a -h igh  vacuum tech-  

n iques  are thus  used t o  o b t a i n  t h e  c l e a n e s t  p o s s i b l e  system dur ing  t h e  

t i m e  a t  tempera ture  i n v e s t i g a t i o n s .  

The e n t i r e  microscope sys tem w i l l  be baked o u t  a t  4OO0C 

5.6 Power S u p p l i e s  

E m i t t e r  h e a t i n g  power w i l l  be provided by a 16  ampere, 10 v o l t  

f i l a m e n t  supply  and a 200 mill iampere,  1 k i l o v o l t  e l e c t r o n  bombardment 

supp ly .  The supply  i s  being f a b r i c a t e d .  

The e l e c t r o s t a t i c  l e n s  supp ly  i s  f a i r l y  s imple  i n  theory .  

E s s e n t i a l l y  i t  c o n s i s t s  of a 10 k i l o v o l t  supply ,  a 15 k i l o v o l t  supply ,  

and a v o l t a g e  d i v i d e r ,  Its complexity i n  a p r a c t i c a l  s e n s e  is  due t o  

t h e  p recau t ions  which must be t aken  t o  prevent  v o l t a g e  breakdown of t h e  

v a r i o u s  components. The l e n s  supp ly  i s  i n  t h e  process  of be ing  f a b r i c a t e d .  

5.7 Summary 

5 .7 .1  E l e c t r o n  Emission Microscope Imaging System 

The pre l iminary  l e n s  sys  t e m ,  emit ter  sample ho lde r ,  

and phosphor s c r e e n  f o r  t h e  e l e c t r o n  emiss ion  microscope have been 

assembled and are i n  t h e  process of be ing  checked o u t  i n  a b e l l  j a r  

system. 

5.7.2 E l e c t r o n  Emission Microscope Device 

The U.H.V. chamber f o r  housing t h e  emiss ion  micro- 

scope  has been des igned  and i s  i n  t h e  process  of be ing  f a b r i c a t e d .  
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5.7.3 Test Apparatus 

The auxiliary emitter heating and lens accelerating 

power supplies have been designed and are being fabricated. 
5.7.4 Materials 

All critical materials necessary for the fabrication 

of the electron emission microscope have been acquired. 
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6. ANALYSIS, CORRELATION OF DATA, AND SUMMARY 
This program of research pertinent to thermionic converters for 

nuclear application is proceeding according to schedule. 

no great mass of data wili be available for analysis and correlation 

Accordingly, 

until late in the next quarter. A brief summary of the significant 

experimental results achieved to date follows. 

6.1 Demonstration of Grain Growth During Time at Temperature Tests 

We have demonstrated that significant grain growth occurs 

during 100 hour operation of molybdenum emitter samples at temperatures 

as low as 1800'K. 

bdenum bar stock had been outgassed at 1973OK for 30 minutes before 

the grain growth experiment began. 

The samples which were obtained from arc cast moly- 

6 . 2  Demonstration of Change in Surface Crystal Structure During 

Time at Temperature Tests 

Etch patterns have been observed on polycrystalline molybdenum 

emitter samples after recrystallization and after 100 hour operation at 

1800°K which definitely indicate 

in the surface of arc cast molybdenum bar stock. 

crystal faces to chemically etch at different rates, and thus the change 

in the number of etch shades on a specimen during long term tests at 

high temperature (1800 K) is a direct qualitative indication of the 
change in the number of crystal faces present in the sample surface. 

a selective grain growth characteristic 

One expects different 

0 

6 . 3  Demonstration of Evaporation Rate of Molybdenum 
We have obtained preliminary data which indicate that the 

0 evaporation rate of molybdenum at 1800 K is such that it may be sufficient 
to prohibit the achievement of highest possible efficiency and power 

output from a cesium vapor thermionic converter utilizing a molybdenum 

emitter. 
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6.4 Demonstration of t h e  P re l imina ry  F e a s i b i l i t y  of E l e c t r o n  

Emission Microscope Design 

Pre l iminary  tes ts  of t h e  e l e c t r o n  emission microscope d e s i g n  

i n  a b e l l  jar  system have been made. The r e s u l t s  i n d i c a t e  t h a t  our  

gene ra l  design approach t o  t h e  microscope i s  adequate .  
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7 .  PROGRAM FOR THE NEXT INTERVAL 

7 .1 Process  ing I n v e s t i g a t i o n s  

The sample process ing  i n v e s t i g a t i o n s  w i l l  b completed du r ing  

t h i s  q u a r t e r .  we f e e i  t h a t  we w i i l  have a r r i v e d  a c  a schedu ie  f o r  t i m e  

and temperat.ure process ing  of t h e  molybdenum emitter samples which should  

a l low two o b j e c t i v e s  t o  be  achieved. The f i r s t  of t h e s e  o b j e c t i v e s  i s  

t h e  achievement of complete outgass ing  of t h e  s u b s t r a t e  sample du r ing  

t h e  ou tgass ing  run .  The second o b j e c t i v e  is t h a t  of ach iev ing  a t i m e  a t  

tempera ture  ou tgass ing  schedule  which accomplishes ou tgass ing  wi thou t  

s e r i o u s l y  a f f e c t i n g  t h e  s u r f a c e  of t h e  sample. One should  n o t  ou tgas  

molybdenum, f o r  example, a t  temperatures much beyond 2100°K i n  o r d e r  t o  

l i m i t  t h e  g r o s s  evapora t ion  of molybdenum from t h e  s u r f a c e  of t h e  sample. 

Outgass ing  tempera tures  on t h e  o r d e r  of 2300 K may s e r i o u s l y  change t h e  

g r o s s  p r o p e r t i e s  of t h e  s u r f a c e  of t h e  sample due t o  thermal e t c h i n g  and 

d i f f e r e n t i a l  evapora t ion  from va r ious  c r y s t a l  f a c e s  i n  t h e  s u r f a c e .  It 

is  important t o  note ,  however, t h a t  as t h e  s t u d i e s  p rogres s  and w e  a c q u i r e  

more d e f i n i t i v e  informat ion  on t h e  s u r f a c e  p r o p e r t i e s  of s u b s t r a t e s ,  w e  

may be a b l e  t o  d e l i b e r a t e l y  grow i n t o  t h e  s u r f a c e  d e s i r e d  c r y s t a l  f a c e s  

by t h e  process  of thermal e t ch ing  du r ing  t h e  i n i t i a l  ou tgass ing  s t e p s  i n  

t h e  m a t e r i a l s  process ing  schedule.  

0 

7 . 2  Grain Growth Experiments 

The f a b r i c a t i o n  of tes t  v e h i c l e s  f o r  t h e  g r a i n  growth exper iments  

w i l l  be completed dur ing  t h i s  q u a r t e r .  T i m e  a t  tempera ture  exper iments  

p e r t a i n i n g  t o  t h e  g r a i n  growth i n  molybdenum s u b s t r a t e s  i n  b o t h  vacuum and 

cesium vapor environments w i l l  beg in  du r ing  t h i s  q u a r t e r .  A s  samples of 

s u b s t r a t e s  which have undergone g r a i n  growth become a v a i l a b l e ,  t h e  r e p l i c a  

s t u d i e s  of t h e  s u r f a c e  w i l l  begin.  It i s  expec ted  t h a t  t h e  r e p l i c a  s t u d i e s  

w i l l  beg in  du r ing  t h e  l a t t e r  p a r t  of t h e  q u a r t e r .  
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7 . 3  Emission Tests 

The  f a b r i c a t i o n  of a c e s i a t e d  molybdenum emiss ion  test v e h i c l e  

w i l l  be completed du r ing  t h e  coming q u a r t e r  t o g e t h e r  w i t h  t h e  a s s o c i a t e d  

appa ra tus  involved i n  o b t a i n i n g  c e s i a t e d  molybdenum emiss ion  d a t a  a t  h i g h  

cesium a r r i v a l  r a t e s .  It is  expec ted  t h a t  c e s i a t e d  emiss ion  exper iments  

w i l l  beg in  during t h e  l a t t e r  p a r t  of t h i s  q u a r t e r .  

7 .4  E lec t ron  Emission Microscope Experiments 

During t h e  coming q u a r t e r  tests on a b e l l  jar mock up  of t h e  

a p e r a t u r e  system f o r  t h e  e l e c t r o n  emiss ion  microscope w i l l  be completed. 

The d a t a  forthcoming from t h e  b e l l  j a r  tes ts  of t h e  l e n s  sys tem w i l l  be 

used t o  make f i n a l  des ign  mod i f i ca t ions  of t h e  e l e c t r o n  emiss ion  micro- 

scope which w i l l  be f a b r i c a t e d  du r ing  t h i s  q u a r t e r .  It i s  expec ted  t h a t  

vacuum emission tests on prepared  s u b s t r a t e s  w i l l  beg in  du r ing  t h e  l a t te r  

p a r t  of t h e  q u a r t e r .  

7.5 Analysis 

As s i g n i f i c a n t  q u a n t i t i e s  of d a t a  become a v a i l a b l e  du r ing  t h e  

l a t t e r  p a r t  of t h i s  q u a r t e r  i t  i s  a n t i c i p a t e d  t h a t  a c o n s i d e r a b l e  amount 

of t i m e  w i l l  be spen t  i n  t h e  a n a l y s i s  and c o r r e l a t i o n  of d a t a  evo lv ing  

from t h e  va r ious  experiments o u t l i n e d  above. 
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8 .  PRINCIPAL CONTRIBUTORS 

The principal contributors to  th i s  contract during the p a s t  quarter 
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APPENDIX A 

CHEMICAL CLEANING SPEC IF ICATI ON 

MATERIAL: TANTALUM OR MOLYBDENUM 

MATERIALS USED: 

Ethyl  a l coho l  (CH3CH20H) 
Hydrochlor ic  ac id  (HC1) 
Chromic ac id  ( s a t u r a t e d  
s o l u t i o n  of potassium 
dichromate i n  ho t  concen- 

D i s t i l l e d  water 
t r a t e d  sulphuric acid) 

PROCEDURE 

S tep  No. 1 

Place  p a r t  i n  beaker of e t h y l  a l c o h o l .  P l ace  beaker i n  
u l t r a s o n i c  c l e a n e r .  Clean f o r  approximately 60 seconds.  

S t ep  N o .  2 

Remove p a r t s  from e t h y l  a lcohol  - a l low t o  d r y .  

S t ep  No. 3 

Place  p a r t s  i n  beaker  of h o t  hydroch lo r i c  a c i d  f o r  approximately 
30 seconds.  

S t ep  No. 4 

Remove from hydrochlor ic  ac id  and r i n s e  i n  beaker  of  b o i l i n g  
d i s t i l l e d  water f o r  approximately 2 minutes .  

S t ep  No. 5 

Remove from d i s t i l l e d  water  - allow t o  d r y .  

S tep  No. 6 

Dip i n  e t h y l  a lcohol  - remove and al low t o  d r y .  

S t ep  No. 7 

P lace  p a r t s  i n  beaker  of h o t  chromic a c i d  (110OC). 

Step  No. 8 
Remove from chromic ac id  and r i n s e  v igo rous ly  i n  l a r g e  beaker  of 
co ld  d i s t i l l e d  w a t e r .  

S t ep  No. 9 

Rinse p a r t s  i n  h o t  d i s t i l l e d  water f o r  approximately 2 minu tes .  

S tep  No. 10 

Rinse p a r t s  i n  co ld  d i s t i l l e d  water f o r  approximately 10 seconds .  
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S t e p  No. 11 

Remove p a r t s  from d i s t i l l e d  wa te r  - a l low t o  d r y .  

S t ep  No. 1 2  

Rinse p a r t s  i n  c l e a n  e t h y l  a l coho l  - remove and a l low t o  d r y .  

S t e p  No. 13 

Wrap p a r t s  i n  l i n t  f r e e  pape r .  P lace  i n  d e s i c c a t o r  u n t i l  ready 
f o r  u s e .  

CAUTION 

1 
I 
I 

A l l  chemical c l e a n i n g  w i l l  be done under t h e  fume 
hood a t  a l l  t i m e s .  Caution should be t aken  i n  t h a t  
t h e  vapors  are harmful t o  t h e  s k i n  and c l o t h e s .  
Rubber g loves  and tong6 should always be used .  The 
t ap  water  i n  t h e  fume hood should be kep t  running  
cons t an t ly  i n  c a s e  of Any a c c i d e n t .  Avoid t h e  i n -  
h a l a t i o n  of any of t h e  fumes. 

I 
1 
1 
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